The aim of this study was to evaluate the worldwide research productivity of forensic dentistry during the past 20 years (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) by bibliometric analysis. ''Forensic Dentistry'' was searched as the Medical Subject Headings term in PubMed and a total of 665 articles were retrieved. There were mainly 56 countries contributing to publications on forensic dentistry and the United States of America was the most productive country. 188 different journals were found and three journals were identified as core journals according to Bradford's law. Personal identification was the most popular topic. The basic and recognized methodology applied in the present study provides a relative wide view on scientific productivity of forensic dentistry and allows us to understand this field better.
F
orensic dentistry is one of the most innovative branches of dentistry, which helps medical examiners, police, coroners, other law enforcement agencies and judicial officials to understand the significance of dental evidence in a vast variety of criminal and civil cases. This specialized area includes the gathering and analysis of dental evidence, ranging from the personal identification by bitemarkes, or analysis of stomatognathic system and its alterations in mass disasters, to the estimation of a person's age or gender based on dental development or other dental characteristics [1] [2] [3] [4] . It has been an integral part of the judicial system in the United States of America (USA) for more than 30 years. However, as far as we know, the worldwide trends in the scientific publications on forensic dentistry is scarce. Therefore, the purpose of the present study was to evaluate the worldwide research productivity of forensic dentistry during the past 20 years (1996-2015) by bibliometric analysis. PubMed was chosen because of its international visibility, broad coverage and the controlled vocabulary thesaurus for indexing and retrieving documents was applied [5] .
Methods
In this retrospective study, we evaluated articles related to Forensic Dentistry indexed in PubMed over the past 20 years. ''Forensic Dentistry'' was searched as the Medical Subject Headings (MeSH) term and within a specific data range (1996.1.1 to 2015.12.31). Information of the selected articles, including titles, authors, publication time, journals, abstracts, etc., was drawn out by two investigators independently. And then the information was imported to Microsoft Excel 2010 (Microsoft, Redmond, USA) for data processing.
Impact factors (IF) were determined using Thomson Reuters in 2015 Journal Citation Reports (JCR) (Thomson Reuters, New York, USA). The literature output from different countries was determined by institutional affiliations of first author.
Discrepancies were resolved by review of the full text.
Results

Annual Scholarly Output
From 1996 to 2015, a total of 665 articles were published and indexed in PubMed, 33.25 per year in average. The number of articles published was the largest in 2011(62/665) and least in 1996 (13/665). However, the trend in annual number of articles published around the world fluctuated slightly and the number increased mainly from 2003 to 2011 (Fig. 1) .
Leading countries or regions
There were mainly 56 countries or regions contributing to publications on forensic dentistry. Twentyfour countries possessed over 5 publications, 15 possessed over 10 publications and 9 possessed over 20 publications. The top 10 countries which published 58.80% (391/665) of total articles were shown in Figure 2 . The USA was the most absolute productive country for total number of publications (18.01%, 120/665), followed by India, United kingdom, Italy, Australia, Japan, Germany, China, Belgium, Brazil and France. Australia and Japan were placed joint fifth. Among the productive countries, 8 of 11 were developed countries (according to the definition of the United Nations) while others were developing countries.
Leading journals
The 665 articles found in the present study were published in 188 different journals over the past 20 years. 25 journals published over 3 articles, 8 journals published over 10 articles and 4 journals published over 20 articles. Journal of Forensic Science, Forensic Science International and Journal of Forensic Odontostomatology were the three most preferred journals for publishing, and publications on these three journals were over 39.09% (260/665) of total articles. According to the Bradford's law, these three journals were identified as core journals of research of Forensic Dentistry. The top 10 journals which published 59.10% (393/665) were listed in Table 1 . The last four journals were placed joint tenth. 11 of 13 journals were published in English, while one in Russian and another in German. 6 of 13 journals were indexed in JCR and the 5-year IF were shown in Table 1 .
Productive authors and affiliations
There are 78 authors who have published over 3 articles and 13 authors who have published over 5. The top 5 productive authors in the field of forensic dentistry are shown in Table 2 . There are 12 authors in the top 5 list because some authors published an equal number of articles. Willems G from Belgium has published the largest number of forensic dentistry articles, with a total of 13 publications (1.95 %), followed by Cameriere R (1.35 %, 9/665) and Pretty I (1.20%, 8/665). Table 3 describes the 20 most frequent key words retrieved in articles. Among these words, some are related to methods of investigation (Age Determination by Teeth, Radiography, Dental Records, etc), others are related to object of study (Male, Female, Adult, Adolescent, Patients, etc) or type of studies (Research Report, Evaluation Studies as Topic). Table 4 describes the topic distribution of publications on forensic dentistry. The topic most frequently addressed in the 665 articles was personal identification (48.42%, 322/665). Among those topics, age estimation, gender estimation and personal identification showed significant increases compared between the two decades. The distribution of sub-topics on personal identification were presented in Table 5 .
Top terms
Topic distribution
discussion
Increasing bibliometric studies have been applied primarily to reveal the global trends of biomedical fields within a given topic, field,time, institute, or country [6, 7] . This is, to the best of our knowledge, the first study to analyze the distribution of worldwide research of forensic dentistry via the Pubmed database.
Correct terminology is the foundation by which citations could be retrieved through PubMed. MeSH, as a controlled vocabulary, designed for indexing and cataloging of literature. It is a mechanism for taking text entries and finding the correct MeSH terms when search in PubMed system. The MeSH term "forensic dentistry" was chosen to retrieve articles in the present study and a total of 665 articles were published and indexed. Besides, we also performed an analysis of co-occurring terms for the 20 most frequent key words, while "forensic dentistry" was present in 62.71% (417/665) of total articles. This indicates that the searching strategy by key words is not adequate for retrieving articles, which is consistent with studies by the National Library of Medicine showing the effect of the indexing is significant improved in retrieval compared with statistical methods or text word searching [8] .
According to the basic bibliometric theory, an increase or decrease in the scientific publication is an effective indicator of discipline development [6, 7] . Rapid changes in the number of publication might be important turning points. In the current study, we found a growth of total literature in the last twenty years. A significantly increased of publications was exhibited during 2003 to 2011, more than two times, indicating that this is a rapid progress phase for the development of forensic dentistry. However, there is a continuous declination of publications since 2011, probably because the studies have reached a bottleneck or found some kind of limiting factor.
The geographic distributions of scientific research productivity might reflect the research capabilities and technological developments of different countries [9] . We found that 55.80 % of total articles in the field of forensic dentistry published by the top 10 countries, indicating that the worldwide research in forensic dentistry was also concentrated as in other medical fileds [10, 11] . The USA, as expected, was by far the most absolute productive country, accounting for nearly 20 % of the total research output in the field of forensic dentistry. Among the top 10 productive countries, 8 of 11 were developed countries. India, China and Brazil were the three developing countries among the top 10 countries. There could be multiple reasons. Firstly, the research capabilities are depended on population size and socioeconomic status of the country. Secondly, our search strategy was limited and based on a single database. PubMed is the most widely used database for bibliometric analysis, but it does not contain all biomedical journals and is biased in favor of English journals [12] . Non-English articles and those "gray literature" could not be obtained easily [11] . Thirdly, another common situation is that the first author, in some cases, could be a student from a developing country for short-term research training in a developed country, while the corresponding author who supervises the project is in a developed country [13] [14] [15] [16] . Furthermore, the PubMed database indexes only the the first author's affiliation before the year 2014, when present the affiliation showed only one country and fails to identify the collaborative research. Consequently, the later three reasons might lead to underestimation of the research output in developed countries, and the results should be explained with a cautious manner [17] .
By 2015, fifteen journals were included in the category "MEDICINE, LEGAL" in JCR. In the present study, 41.65% (277/665) articles were published on eight of them, and five of them were ranked in the top 10 journals. Legal Medicine (6/665), American journal Based on the above analysis, personal identification was the most popular topic on forensic dentistry during the past twenty years. Bite mark and dental radiographs analysis were classic methods for personal identification in forensic dentistry. Some new identification parameters were also explored in recent years. For example, the application of palatal rugae was firstly reported in 2004 [18] . It was now considered to be an unique, stable and particularly important parameter in the identification of edentulous persons [19] , with the 11 articles published during 2006-2015. Similarly, lip patterns, firstly reported in 2007 [20] , was another promising parameter with only four articles until 2015 [21] . It is worth mentioning that the development of high-tech and arrival of electronic age also brings fast growth for forensic dentistry. With the emergence of orthopantomogram [22] , computed tomography [23] , cone beam computed tomography [24] and even magnetic resonance imaging [25] , the accuracy and efficiency were significantly improved compared with the traditional X-ray method, which could better applied in age estimation, gender estimation, personal identification and so on.
Despite the limitations mentioned above, we believe that this study provides a relative wide view on scientific productivity related to forensic dentistry during the period 1996-2015. Moreover, since the bibliometric analysis on forensic dentistry is scarce, the methodology used for this study is basic and recognized, some of our results might be compared and deepened by those of others in the future.
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